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ABSTRACT

eRA
The decay function of transient conductivity
for some cases of semiconductors and plasmas is
numerically computed. The results will be useful
‘in analyzing experimental data on conductivity

dispersion and to determine the nature of thé I
- dispersion mechanism.
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I. Introduction

The relaxation property of a conductivity dispersion can
be measured either in the frequency domain or in the time domain.
We are interested in the liahtiy doped semiconductors and slightly
ionized plasmas where the so-called Maxwellian conditlon applies.
In such a system, physical formulation is well founded and

specific mathematical functions can be readily derived(l). The

-useful mathematical functions of relaxation in the frequency

(2)

domaln have been guite completely computed by Dingle et al.
and applied to specific examples by us (3 ). The present paper
will treat the mathematical functions related to the conductivity
in the time domain. The change of the conductivity in this

case is called a decay function or a transient.

We noted that in many analyses of experimental data an
exponential decay function is used. The origin of this exponential
decay function could be purely conventional, or based on over-
simplified physical models. One should emphasize that this
function is only a very special case of a physically significant
relationship between the relaxution time and the activation energy.
As it was emphasized in Ref., 3, from the dispersion data, one

can, based on gpneril)matnematlc 21 theory, determine the energy




3 2 - = p

dependence oI T.e relaxation time; in extension, then, one
can deternine the relaxation mechanism. This principle applies
to the dispersion measurement in the freguency domain as well

as to the transient measurement in the time domain.

In some respects, one loses some preciseness in the measure-
meant of the time domain. Basically, in the frequency domain, |
-one can Simultaneously determine two quantities, the so-called
in-phase, and the out-of-phase component from a single measure-
ment, and the two components are connected by a fundamental
paysical principle: the Kronig-Kramers' relation (4). There_
fore, it becomes possible to test the consistency of the measure-
ment itself, even if one has no knowledge of the physical principle
involved, which one has to utilize to make the analysis. On the
other hand, the experimental arrangement in the time domain is
considerably simplified. In fact, under some circumstances,
the measurement in the time domain could be a sole source, when
the sine~wave source of stimulation is not available. A physical
problem which illustrates the situation is the measurement of the
relaxation time of recombination of electrons and holes ionized
in the semiconductors by the radiation: with one exception

(5)

known to us , 2ll measurements were carried in the time domain.



ring, firsy, the transient conductivity
integral will be presented, then numerical rcsults from the
computer will be given. Some connections between the con-

ductivity integral with special functions are also discussed.

2. Transient Conductivity Integral

We repeat some essential steps leading to the mathematical
function of interest . : given by Ref. 3. The frequency (*)

-

%k .
dependence of the complex conductivity, ¢ (@), is given by
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-where e, n, and m are effective charge, density and effective
mass respectively of the electron. The relaxation time, 6r
the reciprocal collision frequency, T, is assumed to depend on
the reduced energy parameter & (= mv2/2 kT, with mv2/2 as the

kinetic energy of the electron) as,
T =a &P (2)
Reierences to the physical correspondence of the various

numerical values of p were given in Ref. 3, they range from

p = -.5/2 to + 3/2 in each half integer step.
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, with substituting Eq. (2) into Eq. (1),
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Sut mathematically, in the preseant problen a great simplification
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the distribution function of relaxation times. From Egs. (1)

and (2) D

PR 1/p
ey = & a -
g (v) = E;i (—?ﬁ—) exp L_(EﬁL) , ] , v (3)
In order to normalize A (t), from (3),
f g (1) ar =a_T (5/2 - p). (@

Set t/ap = ¢, we have the pormalized decay function,

0y o 1 0 3/2-p
A = T35 f &

exp[—ﬂ -p¢eP ] de. (5)

Some series expansion can be made: for small ©, expanding

exp (-2 P) into the pewer series and we have,

e T(5/2-p) T(a + 1)

i

For large 9, we integrate with a variable exp (-88P) = £ and

we obuain,

102 n rEEE - [5 + 2n
A(e) = —= I ~1 <D = ————— 41
» 1pl p=o -1 I' (n + 1) 8 2p (7
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computation.
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when p > 1,

nunerical

or

similar to that

closed form of A(8) can be

analytical interest, we will

all An (8) are given in Table 1,

except for the case p = o, which is just an ordinary exponential

function. For qualitative comparison, some results are also

plotted in Figure 1.

3. Special Cas

es

We list below some special solutions of the transient con-

ductivity integral.

(8)

(2) p = o. This is the simplest decay function,
A=e

(b) p = 1. _
A= (1+0)%2

(9)
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In this specizl case, the inverss Fourier transform of A(8)
X . . A . . s
con Be obtained immediately, recall 6 = t/2,, and writing

. zimply as a,

= 2/a [1 - 21 ./ %?— el¥® prre /ioa j (10)

-

The numerical value of Erfc with complex argument can be

o)
~ found in Table (“). Therefore, Eq. (10) provides a link to
- the special function of €, 5 and Gy 5' of Dingle et gl.<3).
(c) p = 2.

a=y2 (g8) /4 JL/BE D12 [2 (88)1/2 ] an

where‘D‘is the parabolic cylindrical function (10).

(d) p = 1/2,

, |
A=3e°7% p (esrym. (12)



n the plot of log 4 (®) versus log (6), as shown in

Tio, 1, we observe that appreciable differences of log A (8)
o R ] - e - ) - o r\_l
for Cifferent values of p emerge only alter 6 > 1 , and

large differences are observed after & > 1. Beyond this
region, it is especially interesting to observe that the
decay curve with p = o (i.e., exponential decay) has the

st

[0}

epest decay.ﬁor any other value of p,irrespective of

wn

positive or negative, the decay rate is slower.

Recalliing & is a "acrmalized" time parameter, it would
take aboutvthree logarithmic decades of the time parameter in
order to determine the value of p from the experimental data.
But it seems sufficient to measure just two decades in order
to differentiate the exponential decay from other types of

decays,

The author would like to express his appreciation to Nr.

' E. Monasterski for his help in the numerical computation.
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We would like to take this opportuanity to correct some errors

(a) the es pone 1t of (—%L) was misprinted as —%— p, it

should be 5/2p.



tment to establish Zg. {(12) was wrong;

nis effects and only effecteEq. (7). Eq. (17)

_ 4 5
= —= 2 r C—ﬁ— - 2p)

Therefore, the pathological case of p will be p = 5/4.

2 2 o

(¢) in Table 2, o™ 7 should be T

1 71" -

See formula for (-a - 0.5) ! in Jahnke, E. and F. Ende,

w

Tables of Functions (Dover Publications, N.Y. .1945) p. 11; ”K'

I
. . e e wra — . My
also, Davis, H. T., Table for Higa iMath. Func. (Pr1nc1téh Press,

Indiana 19233).

9. TFaddeeva, V. N. aund N. M. Terent'ev, Tables of Values of the

i
0]

o3 4 t2
(1 + j;%?— Jf e dt), (Translated

Function w(z)

by D. G. Fry, Pergamon Press, N.Y. 1961).

10. Erdelyi, lazgnus, Oberzettinger and Tricomi, Tables of integral

Transforns. (lcGraw-Hill, 1654) Vol. 1, p. 146.
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